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SUMMARY 

An experimental investigation was conducted to evaluate the flow character- 

The front face was flat and inclined at an angle of 
istics of the front face of a 10' half-cone blunted approximately 85 percent with 
respect to the base radius. 
60° with respect to the original axis of the cone. 
the model was essentially a semidisk. 
number of 6.15 and a nominal stagnation temperature of 450° F for an angle-of- 
attack ra ge of 0' to 60°. 
0.67 x 10 
per foot f o r  the pressure tests. 

The instrumented portion of 
Tests were conducted at a nominal Mach 

The test-section Reynolds number was varied from 8 6 6 per foot for the heat-transfer tests and was 6.92 x 10 to 5.25 x 10 

The results indicated that the pressure and heat-transfer characteristics of 
the front face, at all angles of attack, were qualitatively similar to those of a 
disk normal to the free-stream velocity. The stagnation-point location was found 
to vary approximately linearly with angle of attack in the range investigated. 
The average heat-transfer coefficient over the face was essentially constant for 
the angle-of-attack range of this investigation and approximately equal to the 
average coefficient of a disk situated normal to the free-stream velocity. 

INTRODUCTION 

Manned orbital and superorbital flight studies have given rise to a group of 
lifting-body configurations with limited lift-drag ratios and lifting capabilities. 
In order to reduce the stagnation-point heating, to increase the lift, and to 
trim the body at the proper attitude, several investigators have recommended 
blunting the basic body shape and canting the nose. (For example, see refs. 1, 
2, and 3 . )  This alteration of the body often results in a nose that is rela- 
tively flat, and at the design attitude the flat face is almost normal to the 
free-stream velocity. Consequently, the prediction of heating to the nose, which 
can be high, cannot be made with great certainty. It is the purpose of this paper 
to present some preliminary data taken on the flat-face, sharp-corner nose of an 
ungular 10' half-cone. 
studies (schlieren, oil flow, and temperature-sensitive paint) and pressure and 

The aforementioned data consist of flow-visualization 



heat-transfer measurements. 
cles utilizing the canted-nose concept can be found in references 4 and 5 .  

The heat-transfer characteristics of complete vehi- 

SYMBOLS 

vertical height of nose 

disk diameter 

theoretical stagnation-point heat-transfer coefficient of a disk normal 
to free-stream velocity 

local-heat-transfer coefficient 

average heat-transfer coefficient 

Mach number 

l oca l  s t a t i c  pressure 

free-stream stagnation pressure 

stagnation pressure behind a normal shock 

base radius 

radial distance from midpoint of lower edge of model 

larger radial dimension of nose 

stagnation temperature 

wall temperature 

angle of attack 

angular distance from lower surface of model (see fig. 1) 

angular distance from thermocouple row located parallel to lower sur- 
face of model (see fig. 1) 



MODEL, TEST PROCEDUFU3, AND RECORDING AND REDUCTION OF DATA 

Model 

The model was basically a loo half-cone which was blunted approximately 
85 percent with respect to the base radius, by passing a plane through the half- 
cone at an angle of 60° with respect to the center line of the original cone. A 
drawing of the model is presented in figure 1. 
cated from 0.034-inch-thick stainless steel and was instrumented with 15 iron- 
constantan thermocouples. The pressure model, constructed of 0.050-inch-thick 
stainless steel, was instrumented with 15 pressure orifices which were 0.040 inch 
in diameter. (See fig. 1. ) The oil-flow and temperature-sensitive-paint models 
were made from solid aluminum and high-temperature plastic, respectively. All 
corners were relatively sharp with respect to the general dimensions of the model. 
Although the model was basically a cone, the alterations made resulted in an in- 
strumented surface that was essentially one-half of a disk. Actually, the nose 
is a portion of an ellipse, and the ratio of the larger radial dimension to the 
smaller one is 1.048. Because of this, the data approximate that for a semidisk 
where the angle of attack varies C30° from the attitude where the face is normal 
to the free-stream direction. In the following discussion, the nose dimension rn 
is considered as the radius of the nose whereas in reality it is the larger dimen- 
sion of the nose. 

The heat-transfer model was fabri- 

Test Procedure and Recording and Reduction of Data 

The models were tested in a 12- by 14-inch blowdown jet at the Langley 
Research Center at a nominal Mach number of 6.13 and a nominal stagnation temper- 
ature of 450' F. 
3.25 x 10 
the pressure and flow-visualization tests. 

The test-section Reynolds number was varied from 0.67 x 10 6 to 
6 6 per foot for the heat-transfer test and was 6.92 x 10 per foot for 

The heat-transfer model was tested by the transient-heating method by 
starting the tunnel with the model outside the test section and injecting the 
model into the airstream after steady operation was obtained. For details on 
the method of recording and reducing the heat-transfer data, see reference 6. 
The heat-transfer coefficient was nondimensionalized by dividing the local-heat- 
transfer coefficient by the theoretical stagnation-point heat-transfer coefficient 
of a disk situated normal to the free-stream velocity and having an area equal to 
that of the flat nose of the test model. The ratio of the stagnation-point heat- 
transfer coefficient for a disk to that of a sphere of the same diameter was 
taken to be 0.36. (See ref. 7. ) The stagnation-point heat-transf er coefficient 
was calculated by the method of reference 8. 
assumed to be equal to the stagnation temperature since the pressure data indi- 
cated that the recovery temperature, calculated from measured pressures with the 
assumption of isentropic flow from the stagnation point, was essentially equal to 
the stagnation temperature. 

The recovery temperature was 
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The model pressures were measured with a Statham pressure transducer having 
a range of 0 to 15 psia. The oil-flow and temperature-sensitive-paint investi- 
gations were conducted in a manner similar to that of the heat-transfer test. 
Reference 9 describes the temperature-sensitive-paint testing technique in some 
de tai 1. 

DISCUSSION OF RFSU"S 

I Flow-Visualization Studies 

Typical photographs of the results obtained with the oil-flow and 
temperature-sensitive-paint techniques and a schlieren system are presented in 
figures 2 to 5. 

The oil-flow tests were used to obtain approximate stagnation-point loca- 
tions for the various angles of attack investigated. These results are shown 
in figure 6. This figure indicates that the stagnation point is very near the 
"leading edge" at angles of attack of 0' and 60° and that the variation of the 
stagnation-.point location between these angles is essentially linear. 

The stagnation point should be at rm/rn = 0 for an angle of attack of 60°, 
but a close examination of the oil dots located in the vicinity of 
revealed some oil flow around the corner from the face to the lower portion of 
the body. 
(i.e., injection and retraction of the model into and from the test section) is 
not known. If the flow is assumed to be locally two dimensional, the shock should 
become attached to the body at a = -17.5", and. this position can be considered 
the end point for the stagnation-point location. With this assumption, the stag- 
nation point would have little movement with a change in a from -17.5' to 0'. 
The flat face is normal to the free-stream velocity at a = 30°, and at this 
angle of attack the stagnation point is approximately at the midpoint of the ver- 
tical center line although the model is not symmetrical. 

rm/rn = 0 

Whether this is due to gravitational effects or the testing technique 

Test results of oil flow over a flat-face body of revolution (a disk) at 
various angles of attack and at a Mach number of 8 are presented in figure 3 .  
The stagnation-point location for the disk, which was determined from the oil- 
flow studies and agrees with that determined from pressure tests, is presented 
in figure 6. 
location with angle of attack for the flat face of the cone is similar to that 
for the disk, but the stagnation-point variation is somewhat more linear for the 
cone than for the disk. 

The results indicated that the movement of the stagnation-point 

The darker (actual color - black) regions of the model in figure 4, which 
shows the temperature-sensitive-paint test results, indicate higher heating rates, 
than the lighter (actual color - blue) regions. These results verify the 
expected high heating rates along the periphery of the nose and indicate, in gen- 
eral, that the highest heating rates at the periphery were along the edge nearest 
the stagnation point. The temperature-sensitive-paint results are compatible with 

I the heat-transfer results presented in a subsequent section. 



Pressure Data 

The pressure data are presented in figure 7 as lines of constant pressure 
for the angles of attack investigated. 
the data of table 1 as a function of rm/rn for constant values of 8 '  and as 
a function of 9 for constant values of rm/rn. These two sets of faired curves 
were made to be consistent and to agree with the data, and to give reasonable con- 
tours for the lines of constant pressure. The stagnation point was outside the 
instrumented area for angles of attack of Oo, loo, 50°, and 60°. 
these angles of attack were constructed by using the stagnation-point location 
obtained from the oil-flow investigation. 
located at the periphery of the model for all conditions investigated except for 
the "leading edge" ( rm/rn = 0 at a = 60°. 

These lines were obtained by plotting 

The curves for 

The sonic line was assumed to be 

) 
The pressure results for the disk obtained at a Mach number of 8 (from 

ref. 10) are presented in figure 8. The pressure results for both configurations 
are qualitatively similar to the results obtained for the disk situated normal to 
the free-stream velocity (a = 0'). That is, the pressure is roughly constant over 
a large portion of the surface, but it decreases rapidly along the periphery of 
the face. The asymmetry of the blunt cone and angle of attack, of course, 
results in an asymmetric pressure distribution over the models. Deviations from 
these general results increased with a. It should be noted that the shock is 
apparently attached to the disk at an angle of attack of 45O, and this probably 
caused the marked difference between the pressure contours at 
at a = 4 5 O .  

a = 30' and those 

The size of the model limited the amount of instrumentation which could be 
used and precludes an evaluation of the velocity gradient at the stagnation point. 

Heat-Transfer Data 

6 The heat-transfer data for a Reynolds number of 5.25 x 10 per foot  are pre- 
sented in figure 9 as lines of constant heat-transfer coefficient for the angles 
of attack investigated. These curves were obtained in a manner similar to that 
used for plotting the pressure data. Data for all Reynolds numbers investigated 
are included in table 11. Heat-transfer results for the disk are shown in fig- 
ure 10 (from ref. 10). 

The heat-transfer results for the test model, like the pressure results, are 
qualitatively similar to the results obtained for the disk. That is, the heating 
is roughly constant over a large portion of the surface, but there is a signifi- 
cant increase at the periphery of the instrumented face. 
these general results with increased angle of attack is more pronounced for the 
disk than for the blunt cone. This deviation is manifested by the ratio of the 
maximum heating rate to the minimum rate which is much greater for the disk than 
for the blunt cone. 
of the model and angle of attack. 
greatest in the vicinity of the stagnation point, and this result is compatible 
with the pressure and the temperature-sensitive-paint results. 

The deviation from 

Nonsymmetric heating rates occur as a result of the asymmetry 
The high heating rates along the periphery are 
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Because of t h e  limited pressure instrumentation, a comparison of t he  data 
w i t h  theory could not be made. In  order t o  obtain some quant i ta t ive comparison 
between the heating r a t e s  f o r  the  present model and similar configurations, the 
average heat- t ransfer  coef f ic ien ts  over the f ront  faces of the blunt cone and the  
disk were calculated and are shown i n  figure 11. The data of f igure  11 indicate  
t h a t  the  average heating f o r  the blunt cone i s  approximately constant over t he  
angle-of-attack range investigated and approximately equal t o  the average coeffi-  
c ien t  of a f l a t - f ace  disk s i tua ted  normal t o  the free-stream velocity,  whereas 
the  average heating f o r  t he  d isk  decreased about 15 percent over t h i s  same angle- 
of-attack range. 

CONCLUDING 

The flow charac te r i s t ics  of t he  f la t  
cated that  the  pressure and heat- t ransfer  

REMARKS 

face of  a blunted 10' half-cone indi- 
d i s t r ibu t ions  were qua l i t a t ive ly  s i m i -  

l a r  t o  those of a disk but included some asymmetry due t o  the asymmetry of the 
model and angle of a t tack.  The locat ion of t he  stagnation point w a s  found t o  
vary almost l i n e a r l y  w i t h  angle of a t tack  over t he  range investigated.  The aver- 
age heat- t ransfer  coef f ic ien t  w a s  constant over t he  angle-of-attack range of t h i s  

the  free-stream veloci ty .  
I invest igat ion and had a value approximately equal t o  t h a t  f o r  a disk normal t o  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va.,  January 14, 1963. 

6 

I 



1. Davy, W i l l i a m  C., and Seiff ,  Alvin: A Study of the S tab i l i t y  and Performance 
of Some Unsymmetrical Truncated Conical Configurations f o r  Lif t ing Re-entry. 
NASA TM X-504, 1961. 

1 2. Armstrong, W i l l i a m  0. : Hypersonic Aerodynamic Characterist ics of Several 
I Series of Lift ing Bodies Applicable t o  Reentry Vehicle Design. NASA 

TM x-536, 1961. 

~ 

3. Armstrong, W i l l i a m  0.: Aerodynamic Characterist ics of a Flat-Bottom Canted- 
I Nose Half-Cone Reentry Configuration a t  a Mach Number of 6.7. 

TM x-630, 1962. 
NASA 

4. Coe, Frank S., 111, and Feller,  W i l l i a m  V.: Experimental Investigation of 

NASA TM X-589, 1961. 
the Pressures, Heat Transfer, and Surface Flow Patterns Around a Blunt H a l f -  
Cone Lif t ing Reentry Body at  a Mach Number of 9.6. 

5. Terry,  James E.: Convective Heat Transfer t o  a Lift ing Flat-Faced-Cone Ehtry 
Body. NASA TM X-509, 1961. 

6. Stainback, P. Calvin: Heat-Transfer Measurements at  a Mach Number of 4.95 on 
Two 60° Swept Delta Wings With Blunt Leading Edges and Dihedral Angles of 0' 
and 45O.  NASA TN D-549, 1961. 

, 7. Cooper, Morton, and Mayo, Edward E.: Measurements of b c a l  Heat Transfer and 
Pressure on Six 2-Inch-Diameter Blunt Bodies at a Mach Number of 4.95 and at 
Reynolds Numbers Per Foot up t o  81 x lo6. NASA MEMO 1-3-59L, 1959. 

I 8. Reshotko, E l i ,  and Cohen, Clarence B.: Heat Transfer at the Forward Stagna- 
t i o n  Point of Blunt Bodies. NACA TN 3513, 1955. 

1 9. Stainback, P. Calvin: A Visual Technique f o r  Determining Qualitative Aero- 
dynamic Heating Rates on Complex Configurations. NASA TN D-385, 1960. 

10. Jones, Robert A.: Heat-Transfer and Pressure Distributions of Two Flat-Face 
Sharp-Corner Bodies of Revolution a t  a Mach Number of 8 and Comparison With 
Data fo r  a Round-Corner Body. NASA TM X-774, 1963. 

7 



I 

k 
0 

d 

k 
0 

4-1 

- *  
P4 
\ 
PI 

- 

0 
0 
v3 

- 

0 
0 
In 

0 
0 
d 

- 

0 
0 

- 

M 
.raJ 

CDd 

- b o  
- a J  
CDa 

$1 E 

t; 
0 

0 

. . . . . . . . . . . . . . .  
0 

. . . . . . . . . . . . . . .  
0 

0 

0 

. . . . . .  . . . . . .  
o I n P - r n t n M a 3 o o M t - f f t - o  rnf cu rl t-v) lncnrna3 t - t - v ) f f  

I InInInInlnln . . . . . .  

. . . . . . . . . . . . . . .  
0 

rn 
v) 
f 

8 



, "  
o r - n t - d l - r - m  m m m m m m m m  

9 



_. 

0 0 W 

II 

d 

0 0 n 
II 

d 

ll 

d 

I O  
I .  

I o  
aJ I 



8 I 81 IThermo-1 Press. I 
couple orifice 

\ 

Figure 1.- Geometry and instrumentation of model (all dimensions i n  inches). 
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a=  30°  

a=20° 

CY=4Oo 

CY= 50° Q ! = 6 O 0  

L-63-16 
Figure 2.- Oil-flow patterns f o r  t e s t  model a t  various angles of attack. 
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CY= 0" 

CY= 15" 

a= 30° 

Figure 3.- O i l - f l o w  patterns for 

a= 5" 

1 ir-,- 

a=  20" 

a=45" 
L63-17 
M = 6. ;k at various angles of attack. 



~ 6 3 - 1 8  
Figure 4.- Temperature-sensitive-paint results for test model at various angles of attack. 
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a =  IOo 

\/ '. 
.- 

a = 20" 

1 

Q =  30" 

a =  40" a = 50" a = 60" 

Figure 5.- Schlieren photographs of f l o w  over t e s t  model. L- 63- 19 
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Figure 7.- Lines of constant pressure for test model at various angles of attack. (The symbol o indicates 
stagnation point.) 
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Flgure 8.- Lines of constant pressure for disk at various angles of a t tack  (from ref .  10). 
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